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Abstract. Ruthiromia elcohriensis, a new genus and species of pelycosaur from 
the Permo-Carboniferous redbeds of El Cobre Canyon, New Mexico, is based upon 
an articulated portion of the vertebral column, partial appendicular skeleton, and 
associated vertebral and cranial fragments. Ruthiromia is tentatively included within 
the Varanopseidae on the basis of postcranial characters. It is distinguished from all 
other varanopseids by its larger size, pinched-in lumbar centra, and massively 
developed delto-pectoral crest. 

INTRODUCTION 

The Permo-Carboniferous, Culler formation redbeds of El Cobre 
Canyon, New Mexico, have yielded a unique assemblage of fossil 
telrapods. El Cobre Canyon, near Abiquiu, New Mexico, is a large 
box canyon that has been sporadically prospected by collectors and 
paleontologists since the late 1870's. The fossil fauna and flora, 
known from both the canyon walls and floor, was most recently 
reviewed by Fracasso (1980). 

In 1965 A. Lewis and S. Olsen collected the larger part of the 
postcranial skeleton and disarticulated cranial fragments of a 
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pelycosaur from the west wall of the canyon. The specimen, referred 
to Ophiacoclofi navajovicus, remained largely unprepared in the 
collections at the Museum of Comparative Zoology at Harvard 
University until the spring of 1980 when the authors undertook a 
study of the specimen (MCZ 3150). [^reparation and study of the 
material has shown that while it is clearly a pelycosaur, it is 
unassignable to Ophiacoclofi. It is here described as a new genus and 
species, a primitive member of the family Varanopseidae. 


SYSTEMATIC [PALEONTOLOGY 

Class: Reptilia 
Order: Pelycosauria 
Family: Varanopseidae 
Genus: Ruthironiia gen. nov. 

Type species: Ruthironiia elcohrieiisis gen. et sp. nov. 


Etymology: Named in honor of Ruth Romer. 

Diagnosis: A large varanopseid distinguished from all other 
members of the family in the following features: linear measure¬ 
ments approximately 30 percent greater than those of \'aranoclon, 
previously the largest known varanopseid; the first eight centra 
directly anterior to the pelvis deeply pinched-in laterally, just below 
the level of the notochordal pit, giving the centra an hour-glass 
appearance when seen in cross section; each of the eight centra 
displays a broad rounded ventral surface; the delto-pectoral crest of 
the humerus is massively developed and continues distally as a sharp 
ridge below the area of pectoralis muscle insertion; the neck of the 
astragulus represents 35 percent of the total height of that element. 

Ruthironiia elcohrieiisis differs from Varanops hrevirostris in 
having a keeled angular in the region of the articular; a large medial 
process of the articular positioned farther forward than in the latter 
genus; and a low bladed ilium. Ruthironiia elcohrieiisis differs from 
Aerosaurus greenleeoruni in not exhibiting the excavated anterior 
lip in its anterior dorsal vertebrae. Ruthironiia elcohrieiisis differs 
from Aerosaurus wellesii in retaining a short paroccipital process 
and two sacral ribs. 
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Rutfiivoniia e/cohn'ensis gen. et sp. no\. 

(Figs. 2 8, 9 5) 

Eiyniology: Named in reference to El Cobre Canyon, the type 
locality. 

Diagnosis: Same as for the genus. 

Holotype (MCZ 3150): An articulated, partial vertebral column, 
pelvis and right hind limb found in close association with disarticu¬ 
lated elements. All material is considered to represent a single indi¬ 
vidual. Material includes: an occipital fragment including supra- 
occipital and opisthotic; a left quadrate fragment in articulation 
with a partial quadratojugal and squamosal; the posterior portion 
of the left mandible, the atlas centrum and axis intercentrum; a 
cervical rib; four disarticulated dorsal vertebrae; one disarticulated 
neural arch; one partial neural spine; articulated posterior axial 
elements including the last seven presacral vertebrae, two sacral 
vertebrae and five caudal vertebrae; right and left partial scapulaco- 
racoids; a complete right pelvic girdle; a partial left pelvic girdle 
including pubis, ischium and a partial ilium; a right humerus; a 
right femur; a left proximal femur; a right tibia, fibula, tarsus, and 
pes. 

Type Locality and Age: Cutler Formation, Lower Permian. Col¬ 
lected from the fluvial redbeds in the w'est w^all of El Cobre Canyon. 
Specific collecting site unknown. 

METHODS 

Although comparisons of Ruthironiia efcohrietisis with other 
pelycosaur taxa have been performed in line with phylogenetic sys¬ 
tematic principles, a few' words on polarity determinations within 
the pelycosaurs are in order. Following Brinkman and Eberth 
(1983), w'e accept a very primitive position for the varanopseids 
w'ithin the paraphyletic taxon Pelycosauria (Fig. 16). Thus any pely¬ 
cosaur taxon may appear closely related to the varanopseids, 
caseids, and eothyridids simply by exhibiting primitive characters. 
To guard against the use of symplesiomorphy in establishing the 
affinities of Ruthironiia elcohriensis, w'e have evaluated character 
state polarities w'ithin the context of w hat w'e consider to be a gener¬ 
ally accepted view' of amphibian reptile relationships. In this paper 
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we adopt the elassilication of Carroll (1969) modified b\ Heaton 
(1980) (Fig. 1). It is by reference to the Diadectomorpha (including 
Tseajcna. lJnino.se clis, and Dicuicctes) as the closest sister ta.xon ol 
reptiles and the relative distribution of character states in reptiles 
that vve determine character polarity in primitive pel>cosaurs and 
specificallv Ruihironiia deohriensis. 

DESCRlin ION AND COMFCXRISON 

Skull: A small fragment of the left side of the occiput is preserved 
(Fig. 2A,B). I he tall anteroposteriorly flattened paroccipital process 
e.xtends directlv' laterallv beneath the posttemporal fenestra and 
terminates in a convex, thin edge as in \ aranops and Aero.saurus 
w'cllesii. No trace of a suture between the opisthotic and supraoccip- 
ital is visible. In posterior view, unfinished lateral edges of the 
sLipraoccipital suggest that the absence of lateral processes is a result 
of incomplete preservation. Fhe anterior surface of the occipital 
fragment displavs a small gap between the anterior surl'ace ol the 
supraoecipital and an anteromedial continuation of the opisthotic. 
No notch lor the trigeminal is visible however, and it appears that 
onlv' the corner of the braincase in this region is perserved. 

As in pelv'cosaurs and primitive reptiles generallv, the quadrate is 
quite tall (Fig. 3A,B,C). Both condyles are oriented with their long 
axes antcromedially, the medial condv le being the more elongate. A 
saddle-shaped concavitv occurs between the two condv'les. Frag- 
mentarv bone lateral to the posterior edge of the element probably 
represents the squamosal and a portion ol the quadratojugal. Distal 
extremities are not preserved. No stapedial recess is discernible on 
the medial surface of the quadrate. 

The posterior portion of the left mandible (Fig. 4 A,B,C), includes 
the articular, part of the surangular, angular and possiblv’ prearticu- 
lar and measures 7.7 cm long. Fhe condylar recesses of the articular 
are in the horizontal plane. The articular has a large triangular, 
mediallv projecting process whose medial apex is in line with or 
slightly ahead of the posterior margin of the Meckelian trough and 
well ahead of the condv lar recesses. This is closely comparable to 
the condition seen in Aero.saurus wellesii. In Wiranops the medial 
apex of the process is located Just slightly anterior to the condylar 
recesses. In the area of the articular, the angular is keeled and com¬ 
pares quite well with A. wellesii and I aranoclon. I 'aranops differs in 
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ANTHRACOSAURIA DIADECTOMORPHA SYNAPSIDA 


PROTOROTHYRIDIDAE 
ALL OTHER^REPTILES 



Figure 1. Cladogram depicting relationships of taxa closely involved in the 
amphibian/reptilian transition. Derived from Carroll (1969) and modified by Heaton 
(1980). 



Figure 2. R. elcobriensis. MCZ 3150. A. Posterior view of left opisthotic/supraoc- 
cipital fragment. B. Anterior view of the same. Scale equals 1 cm. 

Abbreviations: op, opisthotic; st, supratemporal. 


having an angular that is gently rounded in this portion of the jaw. 
The posterior limit of a medial fenestra is preserved at the anterior 
most portion of the mandibular fragment and appears to be 
bounded by the angular and the prearticular. 

Axial Skeleton: The vertebral column is known from an articu¬ 
lated series of 14 vertebrae and five disarticulated vertebrae. All 
regions are represented, but only the atlas is present from the cervi¬ 
cal region. The centra are clearly larger than their counterparts in 
other varanopseid taxa (Table 1) and appear to be relatively shorter 
than those of Varanops and A. greenleeorum (Table 2). 
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Figure 3. R. elcobriensis, MCZ 3150. A. Anterior view of left quadrate, squamo¬ 
sal/ quadratojugal fragment. B. Medial view of the same. C. Ventral view of the same. 
Scale equals 1 cm. 

Abbreviations: q, quadrate; sq, squamosal. 
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Figure 4. R. elcohriensis, MCZ 3150. A. Dorsal \ie\v ol left mandibular fragment. 
B. Medial view of the same. C. Lateral view of the same. Scale equals 1 cm. 

Abbreviations: a, angular; ar, articular; cr, condylar recesses of articular; mp, 
medial process of the articular; mt, Meckelian trough; sa, surangular. 
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Figure 5. R. elcohriensis, MCZ 3150. A. Anterior same and right cervical rib. 
Scale equals 1 cm. 

Abbreviations: ai, a.xis intercentrum. 


A small block of matrix contains the atlas centrum and the axis 
intercentrum as well as a spatulate cervical rib (Fig. 5A,B). The atlas 
centrum is fully ossified and is exposed ventrally. The axis inlercen- 
trum is a large crescentic element fused to the posterior surface of 
the atlas centrum. Although the atlas centrum is visible ventrally, it 
is the axis intercentrum that is more prominent, contributing to 
more than 50 percent of the ventral surface. The condition in 
Winiffops is like that in Rmhirottiia. The condition in I 'aranocion, 
A. greettlecortau, and A. wellesii is unknown. 

I he head of the cer\ ical rib exhibits separate capitular and tuber¬ 
cular processes. The shaft is expanded anteroposleriorly as a spatu¬ 
late convex blade. 

A disarticulated anterior dorsal vertebra includes the centrum 
and partial neural arch and displays an anterolaterally projecting 
diapophysis that extends 6.8 mm from the unexpanded neural arch 
(Fig. 6). The ventral surface of the centrum is sharply keeled. This is 
the typical morphology of all varanopseids with the exception of/I. 
grecn/eeortaff. There, the anterior lip of the centrum is deeply 
recessed to receive the intercentrum and the ventral surfaces are 
never as strikingly keeled. The floor of the neural canal is not ossi¬ 
fied, resulting in a deep excavation which extends nearly to the 
mid-height of the centrum as in yaranops and A. greenleeoruni. The 
articulating surface of the zygapophysis is slightly inturned and 
forms an angle of 20 degrees to the horizontal. 

The three remaining disarticulated dorsal vertebrae (Fig. 7) can 
be arranged relative to one another but position in the column is 
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Figure 6. R. elcobriensis, MCZ 3150. Left lateral view of anterior dorsal vertebra 
and a cross section through the mid-length. Scale equals 1 cm. 


uncertain. All three display a small pit on the lateral surface of the 
centrum wall at mid-height. The more anterior of the three is keeled, 
although not as sharply as the anterior dorsal vertebra just de¬ 
scribed. The ventral surface of the centrum displays three closely set 
ridges extending anteroposteriorly. In X'aranops QompdiXdihXQ ridges 
occur on the 22nd presacral vertebra (Fig. 9). 

The second vertebra retains a laterally projecting diapophysis that 
extends 7 mm from the neural arch. The ventral surface is gently 
rounded, however, and shows no trace of a keel or ridges. 

The third vertebra differs from the preceding two in that the 
ventral surface of the centrum is more broadly rounded. 

Neural arch excavations are present on the third vertebra and 
extend anteroventrally and open onto the surface of the neural arch 
between the diapophyses and the anterior zygapophyses. The dia¬ 
pophysis projects posterolaterally and measures 5 mm from the 
surface of the neural arch. The articulating surface of the zyga- 
pophysis appears nearly horizontal. The orientation of the diapo¬ 
physis and the smoothly rounded ventral edge of the centrum 
suggest that this vertebra was a lumbar. 

Although the last seven presacral vertebrae are in articulation 
(Fig. 8), only the first four of the series are preserved well enough to 
merit discussion. As in the preceding vertebrae, each displays a 
small pit in the lateral wall of the centrum at mid-height. The lateral 




Figure 7. R. elcobriensis, MCZ 3150. Left lateral views and cross sections of three 
dorsal centra arranged with the anterior most to the left. Scale equals 1 cm. 


walls of the centra are strongly concave and the ventral surfaces are 
broadly rounded giving the centra an hour-glass shape in cross sec¬ 
tion. This condition is termed pinched-in. No other varanopseid 
displays this condition in the posterior dorsal centra. Varanops dis¬ 
plays broadly rounded ventral surfaces on its last four presacral 
vertebrae (Fig. 9), but there is no indication of pinching-in or pitting 
of the lateral walls, of the centra. A posterior dorsal vertebra of an 
immature A. wellesii (UCMP 20096?) displays a pit in the lateral 
wall of the centrum, but lacks the pinched-in condition. 

The neural arches of the last three presacral vertebrae are deeply 
excavated at the level of the articular surfaces of the zygapophyses. 

All neural spines in this articulated series are imperfectly pre¬ 
served and show only the primitive condition of being laterally 
compressed. The centra of all of the vertebrae posterior to the third 
vertebra of the series are either inaccessible or poorly preserved. 

A disarticulated neural arch with a complete neural spine is 
poorly preserved but shows that the spine is relatively lower in 
height than those of Varanops and A, w ellesii (Table 2). 
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Figure 8. R. elcobriensis, MCZ 3150. Right lateral view of articulated lumbar, 
sacral, proximal caudal vertebrae and pelvis. Scale equals I cm. 

Abbreviations: cv, caudal vertebrae; Iv. lumbar vertebrae. 


8 



Figure 9. I'aranops brevirostris. MCZ 1926. Ventral viev\ and cross sections ol 
last eight presacral vertebrae. Anteriormost to the right. Scale equals 1 cm. 


The neural arches of the sacral vertebrae are deeply excavated 
above the articular surfaces of the zygapophyses. Two poorly pre¬ 
served sacral ribs are present. Aerosaurus wellesii has three sacral 
ribs and appears to be unique in this feature within the varanopseids 
(Langston and Reisz, 1981). 
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Figure 10. H. elcohriensis, MCZ 3150. Lateral view of right scapulocoracoid 
Iragment. Scale equals 1 cm. 

Abhreviaiions: g, glenoid; trie cor, process for the coracoid head of the M. triceps. 


The first caudal vertebra is distorted and thus appears wider than 
the more posterior caudals. The neural spines of the caudal verte¬ 
brae are smaller than those of the sacral or presacral vertebrae and 
appear almost triangular in lateral aspect. All of the five articulated 
caudals display excavated neural arches. 

Appendicular Skeleton: Fragmentary right and left scapulocora- 
coids are preserved. Both display at least a portion of the glenoid 
and a well-developed process for the origin of the coracoid head of 
the M. triceps (¥\g. 10). In primitive fashion the glenoid is not raised 
above the surface of the coracoid and continues back onto the tri¬ 
ceps process. Similar conditions exist elsewhere in all known 
varanopseids. 

The right humerus is well preserved (Fig. 11) and has proportions 
conformable with those present in Varanops (Table 2). Varanodon 
and A. w ellesii have a proportionately narrower proximal ends. The 
proximal end of the humerus displays a stout M. latissimus tubercle. 
This tubercle is poorly ossified in Varanops and A. wellesii but is 
well ossified in A. greenleeoruni and most other pelycosaurs. The 
proximal surface in the region of the deltopectoral crest exhibits two 
well-developed parallel ridges with a depression between them. Such 
a condition exists in A. greenleeorutn and elsewhere in pelycosaurs 
only in caseids (Brinkman and Eberth, 1983). A feature of the 
humerus not seen in other varanopseid taxa is that of a massively 
developed delto-pectoral crest that continues distally as a sharp 
ridge. This distal extension is so prominent that the entire region 
appears almost square in anterior aspect. Romer and Price (1940) 
distinguished A. greenleeoruni partly on the basis of a well- 
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Figure 11. R. elcohriensis, MCZ 3150. A. Proximal dorsal view of left humerus. 
B. Proximal ventral view of the same. C. Proximal view of the same. D. Distal view 
of the same. Scale equals I cm. 

Abbreviations: dpcr, delto-pectoral crest; lat tub, latissimus tubercle. 
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developed deltopectoral crest. Direct comparison indicates that A. 
greenleeorum lacks the distal ridge. A strong ectepicondyle occurs 
distally and is well separated from the partially preserved supinator 
process. Much of the entepicondyle is missing, and the position of 
the entepicondylar foramen is uncertain. Distoventrally, a large 
radial condyle^ is preserved. 

The right pelvis is well preserved and has been completely pre¬ 
pared laterally and venlrally. The medial surface of the ilium has 
also been prepared. The pelvis is quite primitive in general structure, 
having a posteriorly projecting iliac blade and a solid puboischiadic 
plate. The ilium (Fig. 12A,B) is triangular in lateral aspect. It 
becomes wider and longer venlrally where it forms the dorsal por¬ 
tion of the acetabulum. The elongate, triangular posterior process is 
low as in A. wellesii and Varanops but appears longer exhibiting 
lower base/length and neck/length proportions than in those two 
species (Table 2). A small anterior projection of the ilium is poorly 
preserved. In medial aspect (Fig. 12B) a ridge bisects the length of 
the posterior process and appears conformable with that present in 
all other varanopseids. The pubis is primitively short and ends ante¬ 
riorly in a slightly thickened knob (Fig. 12D). In lateral aspect, the 
dorsal margin of the pubis is thickened and appears concave. A 
poorly preserved bump on the lateral surface, directly anterior to 
the acetabulum, may be a pubic tubercle. A pubic tubercle is 
unknown in other varanopseid taxa, but is found in the ophiaco- 
dontids Clepsydrops and Varanosaurus as well as caseids and eda- 
phosaurids. The widespread occurrence of a pubic tubercle in 
pelycosaurs as well as many cotylosaurs suggests that it is primitive. 

The ischium is complete and also displays a slightly thickened 
dorsal margin in lateral aspect (Fig. 12C). The ischiadic plate is thin 
and meets its counterpart of the left side in the mid line. The ischium 
appears conformable with the known morphology of that same ele¬ 
ment in other varanopseids and ophiacodontids. 

The right femur is complete (Fig. 13) although a small portion of 
the proximal end is broken off and remains in articulation with the 
acetabulum, obscuring the morphology of the latter. The proximal 
end of the left femur is also preserved. Measurements and propor¬ 
tions are listed in Tables 1 and 2 respectively. No significant dif¬ 
ferences in femoral proportions between Ruthiromia and other 
varanopseid taxa are apparent. In anterior aspect, the proximal end 
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Figure 12. R. elcohriensis, MCZ 3150. A. Lateral view of right ilium. B. Medial 
vieu ol' the same. C. Ventrolateral view ol right ischium. D. Ventrolateral vie\N ol 
right pubis. Scale equals 1 cm. 

Abbreviation: pt, pubic tubercle. 





Figure 13. R. eleobriensis, MCZ 3150. A. Dorsal vievN ol right lemur. B. Ventral 
vievN of the same. C. Posterior view of the same. D. Anterior \ iew of the same. Scale 
equals 1 cm. 

Abbreviations: ac, adductor crest: 4th t, 4th trochanter; it, internal trochanter. 
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of the right femur displays a large, tall internal trochanter well set 
off from the thickened proximal surface of the femur. Varanops (the 
only varanopseid where this condition can be compared) does not 
exhibit such a well-developed internal trochanter. The intertrochan¬ 
teric fossa is extensive, occupying about a third of the length of the 
femur as in most non sphenacodontid pelycosaurs. A large knob 
marks the point of attachment of the M. pubo ischio femoralis 
internus. The distinct, although small, fourth trochanter is present 
just distal to the intertrochanteric fossa. A prominent, well-ossified 
adductor crest extends across the ventral surface of the element to 
the fibulad edge. The crest is relatively larger than in any other 
varanopseids and appears to be a primitive feature. In cross section 
the shaft appears tear drop-shaped, in contrast to Varanops where a 
cross section appears oval. In dorsal view, the two well-developed 
ossified tibial condyles are well separated by a deep intercondylar 
fossa. Their dorsal surfaces are essentially flat, and their articular 
surfaces are oriented ventro laterally. 

In dorsal view' (Fig. 14) the right tibia and fibula have straight 
external and concave internal edges. The fibula is slightly shorter 
than the tibia (Table 1). The lateral femoral cotyle of the tibia is not 
strongly compressed. Sharp ridges are present on the lateral and 
medial edges of the distal half of the bone. The proximal end of the 
fibula is damaged, so the extent of the dorsal tubercle is unknown. 
The distal end is wide mediolaterally and compressed dorsoven- 
trally. Similar overall conditions are seen to exist in all vara¬ 
nopseids. 

Eight elements are present in the tarsus: the astragulus, calca- 
neum, a centrale and five distal tarsals (Fig. 15). The astragulus 
(Fig. 15A,B) is L-shaped and supports both the tibia and fibula. The 
neck of the astragulus is elongate and contributes to 35 percent of 
the height of the element; it thus appears more like that of a sphena¬ 
codontid than all other known varanopseids. It is unclear at present 
whether this is a primitive or derived feature. In contrast to sphena- 
codontids however, no tubercle is present on the ventral surface of 
the astragulus medial to the arterial groove. The calcaneum (Fig. 
15A,B) is primitive in being wide and having a convex lateral edge 
when seen in dorsal view. In contrast to the varanopseid genera A. 
w ellesii and Varanops, the element is much taller than it is wide. 

The single centrale (Fig. I5C) is a small element with a limited 
area of finished bone on its dorsal surface. The largest of the distal 
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Figure 14. R. ek ohriensis. MCZ 3150. A. Dorsal view of right tibia and fibula. 
B. Ventral view of the same. Scale equals I cm. 


tarsals is the fourth. In dorsal view (Fig. 15C) it is essentially pen¬ 
tagonal in contrast to the rectangular fourth distal tarsal of A. 
wellesii and Varanops. The fourth distal tarsal also shares an equal 
contact with the astragalus. The first and third distal tarsals are 
subequal in size and the second is slightly smaller than these. This is 
also the case in Varanops and /I. wellesii. The metatarsals increase 
in length from first to fourth (Table 1). The first metatarsal is sup¬ 
ported entirely by the first distal tarsal. In dorsal view, the second 
and third articulate with the distal tarsal of the same number. In 
ventral view (Fig. 15D) each of these metatarsals is supported by 
both the distal tarsal of the same number and the laterally adjacent 
distal tarsal. The fourth metatarsal is longer than the combined 
length of the first metatarsal and digit. This condition is seen devel¬ 
oped to a greater degree in Varanops and to a lesser degree in A, 
wellesii dind occurs elsewhere within the pelycosaurs only in Varano- 
saurus and Ophiacocion mirus. The first toe has a clawlike terminal 
phalanx. The remaining toes are incompletely preserved or not 
present. 

In overall appendicular proportions (Table 2), Ruthiromia elco- 
briensis appears more primitive than any other varanopseid in hav¬ 
ing a humerus and femur of subequal lengths and a lower tibia/ 
femur ratio. 
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Figure 15. R. elcohriensis, MCZ 3150. A. Dorsal view of right astragalus; calca- 
neum complex. B. Ventral view of the same. C. Dorsal view of right pes. D. Ventral 
view of the same. Scale equals 1 cm. 

Abbreviation: c, centrale. 


DISCUSSION 

Ruthiromia elcohriensis is considered a pelycosaur on the basis of 
the combined, derived characters (within reptiles) of excavated neu¬ 
ral arches, keeled mid-dorsal vertebrae, a strongly developed pro¬ 
cess for the coracoid head of the triceps and a keeled angular in the 
region of the articular. These constitute a suite of characters which 
is found only within the pelycosaurian families Varanopseidae and 
Sphenacodontidae. 

The Varanopseidae is currently defined by cranial characters 
(Langston and Reisz, 1981), yet shows a unique combination of two 
derived, postcranial characters: excavated neural arches and the 
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presence of a shallow fossa on the proximal surface of the deltopec- 
toral crest (Brinkman and Eberth, 1983). Rutliironiia elcohriensis is 
tentatively assigned to the Varanopseidae on the basis of displaying 
these same characters. Following the cladistic classification of 
Brinkman and Eberth (1983, Fig. 16) for the better known pelyco- 
saur genera, the derived character of excavated neural arches is 
thought to have developed either two (Fig. 16A) or three (Fig. 16B) 
times. All varanopseid and sphenacodontid taxa, where postcranial 
material is available, show excavated neural arches. Within the eda- 
phosaurids an undescribed specimen (E2) from the Pennsylvanian 
of Kansas shows this condition (R. Reisz, personal communica¬ 
tion). Within this context and assuming parsimony, four equally 
correct positions denoting propinquity of descent of Ruthironiia 
elcobriensis may be depicted in a cladogram (Fig. 16C). 

Position 1 places Ruthironiia elcobriensis as a member of the 
varanopseids in the clade including Varanops!Aerosaurus and 
Casea. This clade is united by the derived morphology of the prox¬ 
imal surface of the humerus in the region of the delto-pectoral crest. 
As described above, Ruthironiia elcobriensis shares this same 
morphology. 

Relationships indicated by positions 2, 3, and 4 each necessitate 
reversals of those characters at nodes (c), (c,d,e) and (c,d) respec¬ 
tively. The clade including Ophiacocion, Eclaphosaurus, and Dinie- 
trodon is defined by the shared presence of a rodlike paroccipital 
process with a socket on the ventral surface for contact with a 
distinct dorsal process of the stapes, a concave ventral margin of the 
cheek and a single postparietal (node c). R. elcobriensis has a nar¬ 
row paroccipital process that shows no evidence of a socket along its 
ventral edge for contact with a dorsal stapedial process. A relation¬ 
ship indicated by position 2 therefore involves the reversal of this 
character. Other regions are not preserved in the holotype. Sim¬ 
ilarly, Ruthironiia elcobriensis does not show the derived characters 
of the twisted prearlicular and ventromedial projecting pterygoideus 
process which partially define the clade consisting of Edaphosaurus 
and Dinietrodon (node d). In this case, a total of three reversals 
(reversal at both c and d) is necessary to explain the relationship 
indicated by position 4. Finally, the relationship indicated by posi¬ 
tion 3 necessitates the reversals listed above as well as reversals of 
the autapomorphic characters that define the Edaphosauridae and 
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EOAPHOSAURIOAE 



EOAPHOSAURIOAE 


B 



EOAPHOSAURIOAE 



SPHENACODONTIOAE 


Figure 16. Cladograms depicting relationships of pelycosaur families. Adopted 
and modified from Brinkman and Eberth (1983). A&B. Two equally parsimonious 
hypotheses for the appearance and distribution of excavated neural arches in pelyco- 
saurs. Solid bars represent those points where excavated neural arches are exhibited. 
Dashed bar represents point of character loss. C. Four equally correct positions for 
Ruihiromia on the basis of the derived character of excavated neural arches. 
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are not seen in Ruthironiia elcobriensis (elongate neural spines with 
lateral tubercles, low position of the jaw articulation relative to the 
tooth row). Clearly, the most parsimonious course to take is to 
tentatively place Ruthironiia elcobriensis among the Varanopseidae 
as a primitive member of that family. The tentative nature of this 
placement reflects both the lack of diagnostic cranial material in the 
type and the employment of a combination of derived postcranial 
characters, none of which can serve alone as an autapomorphic 
character of the family Varanopseidae. 

Ruthironiia appears to be more closely allied with A. wellesii in 
sharing the unique character of the forwardly placed medial process 
of the articular and the keeled angular. 

Ruthironiia shares only primitive characters with Varanops and 
appears similar in retaining a laterally projecting paroccipital pro¬ 
cess and in having only two sacral vertebrae. 

The morphology of the lumbar vertebrae and more specifically 
the position in the column where keeled vertebrae first appear is 
more difficult to assess. The seven articulated presacral vertebrae of 
Ruthironiia show no signs of possessing keels and all retain a gently 
rounded ventral surface. The inclusion in the holotype of one disar¬ 
ticulated lumbar (posterior dorsal) with a similarly unkeeled ventral 
surface places the minimum location for the transitional vertebra at 
a position nine vertebrae in front of the pelvis. In addition, a signifi¬ 
cant difference in diapophysis orientation between the transitional 
vertebra and the isolated lumbar (lateral vs. postero lateral respec¬ 
tively) warrants placement of the transitional vertebra even further 
forward in the column. Varanops develops a fully keeled vertebra 
six vertebrae ahead of the pelvis (Fig. 9). The fifth is transitional, 
displaying three parallel ridges along the ventral surface. The only 
fully prepared vertebrae known from A. wellesii that can be placed 
in the column with certainty are those nine and ten positions ahead 
of the pelvis. These show keeled ventral surfaces. No idea concern¬ 
ing the initial position of keeled vertebrae can be determined in 
either A. greenleeoruni or Varanoclon, but A. greenleeoruni does 
not appear to develop strong keels of the sort seen in the one known 
anterior dorsal of Ruthironiia anywhere in its column. Ruthironiia 
similarly does not share with A. greenleeoruni the condition of the 
deeply recessed anteroventral lips of the anterior dorsals. Keeled 
lumbar vertebrae are considered an advanced character state (Romer 
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and Price, 1940). Ruthironiia appears more primitive than either 
Varanops or A. wellesii in displaying a greater number of unkeeled 
vertebrae in the presacral region of the vertebral column. 

In summary, Ruthironiia elcobriensis represents a varanopseid 
which is very primitive postcranially, with some unique vertebral 
specializations. Cranially, it shows some of the same advanced spe¬ 
cializations seen in A. wellesii and perhaps Varanodon. 
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